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SA-PSO 混合智能优化算法，摆脱了原 BPTT 算法对于激活函数高阶可导的限制，




及全局搜索能力，用此算法优化 RPNN 的训练克服了原 BPTT 算法的缺点，并在
预测结果上得以体现。 
最后，本研究借助于 MT4 平台，以 RPNN-SA-PSO 模型为核心编写了外汇程
序化交易策略，并检测了其对历史数据的有效性和对模拟实盘的有效性。实验做出































Based on the chaos theory and the chaotic feature in financial markets, this 
research constructed a chaotic time series prediction model with artificial neural 
network and intelligent optimization algorithms. Further, aiming at testing the validity 
of the chaotic time series prediction model, this research took the model as core to 
program a forex trading strategy with the support of MetaTrader trading platform. The 
main contribution and conclusions of this research are as follows: 
First of all, the CiteSpaceII literature analysis software was took as tools to card the 
development history of financial time series prediction with the qualitative research 
methods. Especially, we discussed the research status, hot spot and trend of the 
nonlinear dynamics method and presented the results in visual form. Introducing 
nonlinear research paradigm to model financial variables, using approximate nonlinear 
iteration and learning model to describe the financial chaos dynamic system, is the 
inevitable developing trend of financial markets theory.  
Then, the chaotic time series prediction model was constructed using the recurrent 
predictor neural network (RPNN) combined with simulated annealing particle swarm 
optimization (SA-PSO) algorithm. Specially designed for chaotic time series prediction, 
the RPNN had multiple branches with time-delay, so that it was able to simulate the 
temporal characteristics of nonlinear dynamic systems. Applying SA-PSO hybrid 
intelligent optimization algorithm rather than original BPTT algorithm to train the 
RPNN, got rid of the limit of activation function for high order differentiable and 
expanded the diversity of RPNN. 
Further, the prediction ability of the constructed RPNN-SA-PSO model was tested 
for Shanghai Composite Index. Through empirical research, this article analyzed the 
prediction ability from qualitative and quantitative aspects. Experimental results showed 
that: the RPNN was suitable for predicting financial time series with chaotic feature, and 
the SA-PSO hybrid optimization algorithm had fast convergence and global searching 
ability. Using this algorithm to train RPNN overcame the short- comings of original 















Finally, the RPNN-SA-PSO model was took as core to program a forex trading 
strategy with the support of MetaTrader trading platform, and examined the validity of 
the model for both historical data and real data. The main contribution of this 
experiment were two aspects. On the one hand, deriving the RPNN-SA-PSO prediction 
model form Visual Studio to the MetaTrader by the way of dynamic link library (DLL), 
successfully connected the two different platforms. On the other hand, designing a set of 
trading rules which was matched with the RPNN-SA-PSO prediction model, realized 
stable and sustained profit. 
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第一章  引言 
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发一场风暴。”——1963 年，气象科学家 E. N. Lorenz 在气象动力学的研究论文中
提出了著名的“蝴蝶效应”[3]。他发现，在用计算机求解三阶常微分方程时，即便
初始条件差之毫厘也会引起最终解的谬以千里，以此推断出天气长期预报的不可行

























态信息，它是混沌理论与现实世界沟通的桥梁。1980 年 Packard 等人提出了时间序
列相空间理论[6]，开启了关于混沌时间序列的预测研究。而后，Takens 于 1981 年
提出了相空间重构理论[7]：经过一定坐标延迟的相空间，可观测到混沌吸引子在重
构的动力学系统相空间的运动轨迹。这为探究混沌时间序列的演化行为提供了途
径。并且 Takens 已经证实，只要选取合适的坐标延迟 m，满足 12  Dm ，那么就
可以重构出混沌吸引子在相空间中的运动轨迹。其中坐标延迟又被称为嵌入维数，
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